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1 P/63653.GBAAT^C 
MAGNETRONS 




This iavexition relates to magactxotis. 

Magnetrons are well-known vacuum electron discharge devices used to generate 
dectrom^gnetic fields in Ae microwave fireqnency range. A typical Tnagnebnon 
5 comprises a cylindrical cathode a cylindiicaL aaode surrounding the cadiode and a 
plurality of resonant cavities fbmied in the anode by ^iher slots or vanes. An electdc 
field i$ established between the cethode and the Bnode> and a magnetic field is applied 
perpmdicular to the electric field in the so-called biteraction region, which is the 
evacuated space between the cathode and the resonant cavities in the anode. When the 
10 value of E/EI is suitable^ elKtrons knitted fiom the cathode interact witii the electric and 
magnetic fields to generate microwave energy at a frequency determined by flie 
parameters and the resonance cbaracteriRticA of the cavities. 

A known problem with magnetrons is that of unwanted emissions. These genially take 
15 two forms: tfie first is amplification of an harmonic of the desired mode. Hie other 
form of unwanted emission is called moding; that is, significant cavity responses 
occurnug at frequencies other Iban the fiiequency for which the magnetron is designed 
to operate. 

20 ConventionoDy, homianio emissions arc reduced by means of external microwave filters 
or by employing complex output systems embodying integral fihers. 
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The copixpt of stjrapping was devised as a solution to the problem of moding. 
Strapping, as conventionally imdeistood, is the joining of ah«nate anode vanes by 
means of a closed ring, IJacb pair of vanes fenns a resonant cavity therebetween, and 
3 all such cavities arc maintained at the same electrical potential. Thns, altemale anode 
vancaaie locked iiloopeTatiaa in fhe desired mcMtes known as fte«m Theremode 
has node points of the same distance apart as Ihe distance between altsnate vanes. 



A problem has been encountered with conventional straps in that the ounonts that 
10 dnwiate in the straps to equaUse the voltage on alternate vanes may also generate an 
electromagnetic field. This field may interfere wiflx the operation and performance of 
the magnetron owing to its praximily to the cathode. 

A proposed sotalion to this problem is that of providing a break in the strap. This 
15 prohibits the flow of ounent between the vanes that fho str^ connects. However, a 
drawback of fliis approach is that it increases the firequency separation of the modes of 
operation and may also cause oscfllatJans at undesiFed tiequendes. 

The invention provides a magnehon comprising a plurality of anode vanos and a first 
20 strap in contact -with altcmate ones of the vanes, the strap having a protmdhig region. 

The provision of piotuding KJgions around the ring provides variations in capadtance 
between the strap and another strap or brtween the strap and <he odiBrs of the anode 
vanes. This change in capacitance increases the stability of the magnetron in the wanted 



31/05 2002 FRI 14:3» FAX 012*5, 453410 HARCONI APPLIED TBCH @007/040 

9 - ™ 

3 P/63653.GBAA^1C 
mode, Jimits osciUations at und^ired frequ^icies and reduces the coupling of 
harmonics into the cafhode structure. 




Preferably, a plurality of prptruding re^ons is provided, the protrusions hesng spaced 
S rcgulady aroimd a pordon of the strap. 

Advantageously^ the strap is adjustable, to allow the capacitance to be adjusted as 
leqiiired. This feature allows the user U> retune fhe pi-t mode to a different frequency 
mn^ 

10 

Hie invention further provides a strap arcangranent for a magnetron comprising a first 
strap havmg a protruding region. 

A plurality of straps may be provided^ some or all of which may include at least one 
15 protrusion. 

The iovention will now be described, by way of example^ with lefermce to the 
acconi^^anying drawings, in which: - 

20 Figure 1 is a plan view of the anode and strap ammgemoit of a conv^itional 

magnetron; 

Figure 2 is aperspecttve view of vanes of the anode eirangemCTt of Figure 1; 
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Figure 3 is a graph iilustrafzng jnagnetroa output power against fiequcncy, for a 
convcndaQal maenctron; 

Fignre 4 is a plan view of fhe anode and strap anangenacarf of a magneiion 
constracted accordiiig to ihs inveaitioii; 

Figure 5 is B grapli fflusttating magn^n output power against frequeaiQr. for 
ihe magnetron of Fignre 4; 



10 



20 



Figure 6 is a plaa view of liie anode and strap arrangement of an ahematlve 
magnetron constnioted accozdiiig to the inventioii; 

Figure 7 is a perspective view of anoda vanes and a strap airangemeait of a 
magnetron constructed according to an alternative cmbodimcat of the invention; 



15 and 



Figure 8 is a perspective view of anode vanes and a strap arrangement of a 
magnetron constructed aconding to a fbrthcar alternative embodiment of the 
invention. 

Like r^renoe numerals have been givoi to like parts fluoughout the spedfication. 

With pcfiaence to Figures I and 2, a conventional typical anode arrangement is 
illustrated. The anode arrangement comprises a cylindrical anode wall, indicated 
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g^mmWy by tfie refexoics mimeral 1 » and a plurality of anode vanes, four of wbidi 2-5 
arc illustrated in both Figares 1 and 2. The anode vanc» extend radially inwardly from 
the innw wail of the cylindrical anode 1. A phtrality of straps 6, 7, and 8 for fhc vanes 
are also illustrated Str^ 6 oontacts alternate anode vanes» such as vanes 3 and 5, and is 
5 spaced from the ofhcr vanes, such as vanes 2 and 4* Cut-out regions 2% 2" and 4', 4'ln 
the vanes 2 and 4 respectively help to ensure Ihat the strap 6 does not come into contact 
with these vanes. Stnip 7 contacts those anode vanes that are not contacted by the str^ 
6 i.e. it contacts vanes 2 and 4. This strap is also spaced from the other alternate vanes^ 
such as vanes 3 and 5. Similar cut-outs 3' and 5' in vanes 3 and 5 respectively help to 
10 assure that the strap 7 does not come into contact with them. The third strap 8 is in 
contact with the same vanes as is the strap 6. The purpose of this extm sixap is to 
balance the fc mode r.f. field at the ca&oda This is described in our UK Patent 
No^054256. 

13 The straps 6^ 7^ 8 comprise concentric rings, typically made of silver-plated copper. 
The rings shown in Figures 1 and 2 are opm rings; i.e. they each have a so-called strap 
break 9 to II respectively. Typically, the breaks 9 to 11 are a little longer than the 
width of a vane, although this need not be ttie case. In Otis diawing; the strap breaks 9 
to 1 1 are located over anode vanes, but other azrangemests are possible. Although the 

20 strap breaks 9 to 1 1 are necessary to prohibit flow of cuirent between the vanes, they 
tend to cause greater frequency sepanation between the mode of operation and the tt-I 
mode. Fmfhennore, the strap breaks may cause oscillations at undesired firequradcs. 



ZWZ I'M 14:38 FAI 01245 453410 MARCONI APPLIED TECH 

6 . P/63653.GBA/VMIC 
Hic gr^ of Figure 3 itipnsedts the output of a conventional magnetron, sudi a.^ tiiat 
shown in Figures 1 and 2, across a caagc of ffequendes (flia X-band). The main output 
peak ocqws at aRproximately 9.4 GHz, Twhich represents the n mode, La, the dcsinsd 
mode of operatioru However, -fhere is a secondary peak ooconing at approximately 9.9 
S GHz. This represoits the undesired n -1 mode of operation. Power is also emitted at 
higher fixquexicies. 

Figure 4 iUustratra components of a magnetron constructed according to the Invention, 
Hie anode arrangement is shown, which arrangem^ comprises a cjiindrical anode 12 
10 and a plurality of anode vanes 13 to 30 extending radially inwardly ftom the inner waU 
of the cjdindrical anode. Two straps 31 » 32 are also provided. Ite inner strap 31 
comprises a ring attadied to altecoBte ones of the van^ fiir example vanes .13, IS, I7, 
1 9, 21, 23, 25, 27 and 29. The outer strap 32, concentric with strap 32, is attadhed to the 
other vanesi, in this instance vanes 14, 16, 18, 20, 22, 24, 26, 28 and 30. 

15 

In accoidano© with the invention, liie outer strap 32 includes a plurality of protrusions 
34 to 40, In this embodimeni^ the protnisions 33 to 40 project inwardly fiom the ring 
and are also periodicaify spaced around die ring. An exception lo this is the portion that 
includes the strap hreak 41, which portion does not have a protruding region. The 
20 protrusions are arranged hctween flic parts of the ring that are attach to the anode 
vanes. Tn other words, the protrusions are located adjacent the vanes that are not 
attached to flie outer strap. 
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The promisTons 33 to 40 introduce a variation in capadtancc b^eea the inna stnp 3 1 
and the outCT strap 32. Owing to the periodic spacing of fee protrusions, thao is a 
pwiodie variation in inter-strap oapacdtance. The piotrusians create a "lumped" 
variation in capacitance, which has the effect of incareasing stability of flie pi mode. The 
5 invention also reduces flie harmonic content of the pi mode, as well as limiting 
osdllations in the pi-1 mode. 

The plot of Figore 5 iilestcates the output power adiievable with the present invention, 
across the same range of finequemdes to that shovra in Figore 3. The invention gives a 
10 cleaner spectrum of the dearcd pi mode at ^proximately 9 A GHz and the secondary 

peak in Figure 3 represaitmg the pi-1 mode is no longer present. It is also noticeable. 

that the output at higjier fiequencies is maricedly smaller than that shown m Figure 3 . 

la the embodiment shown in Figure 4, the protrusions take the form of mwardly 
13 indented regians of a ling-type str^. The diameter of die strap itsdf 

substanlfially constant around the ringi and so die outer edge of the .sti^ protrudes 
inwanSy to conrespond with liie inward indentatians of ihe strap. Alt<»nativdy, as • 
shown in Figure 6, the outea: diameter of the ring can remabi substantially constant, so 
that die outer edge of the strap 42 describes a circle, in Ons embodiment the inward 
20 pirotnisions 43 to 50 cause a thickening of the diameter of the strap at the protroding 
rE^oiiB, The provision of protruding regions causes a variation in separation between 
the inner and outer straps, thereiiy causing a variation in capacitance tliat has a 
stabilising eScct oa die magnetzon. 
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Til© embodhnents shown in Figiires 4 and 6 show protnisions m the plane of the strap. 



In addition, or alternatively, prolrasions may be arranged out of £he plane of the strap. 
Examples are shown in Figores 7 and 8, which both iUustiate a gronp of vanes 51 to 55 
and an inner strap 56, but having differmt outer straps. 



In Figure 7, the protrusions take the form tif tabs 57, 58 attached to the inner edge of the 
outer strap 59. The tabs 57 and SB are arranged to hang downwards, in a plane 



52 and 54, to which the str^ is not attached. The tabs 57, 58 need not be located 
10 intermediate the attachment points; tic tabs may also be located at the van^ to which, 
the strap 59 is attai:ihed or at my other desired portion. 

Figure 8 ilhistrates an embodirneut in which the protrusions e^diend in more than one 
plane. In this drawing, the pcotrusions take the form of indented regions 60, 61 and 62. 
15 Protrusions 60 and 61 occupy portions of the strap 63 intcrraBdiatc the aftachmesnt 
points at vanes 51, S3 and 55. The strap 63 is arranged so tiiat Ihe protrusions 60 and 61 
extend downwardly towards cut-out portions of Itoe vanes 52 and 54. Protrusion 62, 
which is located close to the vane 53 to which the strap 63 is attached, is arranged to 
extend inwardly. i.e. towards the cathode. 



In fhrae drawings, the straps have been shown with protrusions extending inwanily or 
dowmvardly from the main body of the strap. The protrusions may be arranged to 
extend outwardly or upwardly ftom the str^. TTic protrusions need not be only in the 



5 



transverse to the plane of the strap 59. The tabs 57 and 58 are located close to the vanes 



20 
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plaac of, or peipcndicular to, £he strap. TTib protrusions may extend obliquely from the 
strap. 



Altenatively, or additioiially, the imier strap could have protmsioiis, and these need not 
5 rartcnd ia die same direction, or even in the same plane, as the protrusions on the outer 
str^ A phirdity of straps may be employed, some or all of which may have protruding 
regions. 

. The straps need not be rigid: flexible straps m^y be enq)loyed, so that the extwrt of one 
10 • or an offhe protrusions may be adjusted. This actangemeait allows for adjustmaat of the 
intcavstrap or atrap-to-vanc capadtancc. The provision of a variable ci^acitanca permits 
die unde^redpi-l mode to be retuned to a different frequeaicy rai^c. 



15 



1 
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CLAIMS 

1 , A mBgaetion comprising a plwality of anode vanes and a first strap in contact 
with alternate ones of the vanes, the strap liaving a ptotrudins region. 

2. A magnetron as daimed in daim 1, wheein the strap has a plurality of 
protruding regions. 
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3. A magnetron as claimed in daim 2, wherein the protruding regions are 
substantially periodically spaced around at least a portion of the strap. 

4. A magnetron as claimed m any previous daim. wherein the strap comprises an 
.open ling. 

5- A magnetron as daimcd in any one of claims 1 to 3, wherein the str^ comprises 
a dosed ring. 



6. A magnetron as claimed in any previous daim, in whirfi the stt^ occupies a 
plane and at least some of the protrusioDS extend substantially in &e plane, 

7. A magnetron as claimod m any previous claim, in whidi the strap occupies a 
plane and at least some of the protrusions extend transvosdy to the plane. 

S. A magnetron as daimcd in any previotis daim, wherein the sbrag* is adjustable. 
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9. A magnelron as claimed in claim 8, wherein flie sfzBp is flcacible. 

10. Amagnetionasdaimedmanyprtcedingdaim.fu^^ 
steep in contact wi& ahexnate otbos of ibc vanes. 

11. A magastron as claimed in claim 10, wherdn fte second strap includes at least 
one protruding region. 

12. Amagnetron as claimed in any preceding daim, Including a plurality of stnqss, 
at least some of v^ich have at least one protruding regian. 

13. A majgnetnon, subatandally as liexdnbcfoxe deswibed, wilih i^rmce to, or as 
illustrated In, Figures 4, 6, 7 aad 8 of the accompanying drawings. 

14. A strap arrBngemcat for a magnetron comprising a first stnq> having a protruding 
region. 



15. An anangeroent as claimed in claim 14, wherein fhc first strap includes a 
piurality of protruding regions. 

16. An arrangement as claimed 15, wherein the protruding regions are substantially 
periodically spaced around at least a portion of &e stn^,. 
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17. AnarrmgemeatasdaamedinanyoncofclaimsH to 16, wb^einthestnq) 
comprises an open ting. 



comprises a closed xing. 

19. An arrangement as didnied in my one of daims 14 to 1 8» in which the strap 
occi^ics a plaac and at least some of the protrusions extend substantially in the plane. 

20. An an-ang^etit a$ deimed in any one of claims 14 to 19, in which the str^ 
oocupies a plane and at least some of the protrusions extend transversely to the plme. 

21 . An arrangement as claimed in any one of claims 14 to 20, wherein the strap is 
a^fnstablc. 

22. An arrangement as claimed in claim 21, wherein the strap is flexible, 

23. Anattuagemeortaficlairnedinanyoneofdrnms 14 to 22, farther comprising a 
second strap. 

24. An arrangement as claimed in claim 23, wherein the second strap iiiclndes at 
least one proizudji^ region. 



18. An arrangement a$ claimed m any one of claims 14 to 16. wherein the stri^ 
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25. Art arrangement as claimed in any nne of claims 14 to 24» furtiier oomptising a 
pliiFality of straps, at least some of wiiieh have at least one protniding region. 

26. A strap anangemcut for a znagnctnm^ substantially as herembefidie described, 
with reference to, or as' illustrated in Figaros 4, 6, 7 and 8 of the accompanying 
drawings. 



1 



